Nectarine pox is a disorder characterized by superficial warty outgrowths that reduce packout of commercially grown fruit. It has been observed in most peach-growing regions and on many cultivars, but it was not described in the literature until 1991 (Baugher and Miller, 1991) . Expression of the disorder has been associated with excessive shoot growth, excessive levels of N and K, and low levels of B or Ca (Baugher and Miller, 1991) .
Studies were initiated in 1985 in a block of nectarine trees where pox was observed on 10% to 50% of the fruit in some years. During 1985-87, attempts were made to ameliorate the condition with application of B to soil or foliage. Nectarine pox was significantly reduced by a petal fall spray of soluble B in one of the three seasons, but in general the results were inconsistent (T. A.B., unpublished) . Subsequent experiments were designed to test the effects of reduced tree vigor on nectarine pox.
It has been shown that length of peach and nectarine shoot internodes is reduced by foliar sprays of paclobutrazol (Blanco, 1988; George and Nissen, 1987) . Girdling decreases shoot extension growth while increasing fruit size and advancing maturity (Dann et al., 1984; Femandez-Escobar et al., 1987) . Root pruning suppresses shoot growth on apple trees (Ferree, 1989; Schupp and Ferree, 1988 trees to summer pruning are varied, but some studies show that summer pruning reduces dry weight accumulation and secondary growth (Hayden and Emerson, 1984; Marini and Rossi, 1985; Rom and Ferree, 1985) .
The present study was designed to test the effect of foliar applications of paclobutrazol, girdling, root pruning, and summer pruning on the incidence of nectarine pox. Secondary objectives were to investigate treatment effects on the nutritional status and growth of nectarine trees and on fruit size and color.
The experiment was conducted during 1988 and 1989 in a l-ha commercial block of 'Firebrite' nectarines, planted in 1982 on a deep, well-drained, and fertile Hagerstown/ Frederick cherty silt loam soil (fine, mixed, mesic Typic Hapludalf) in Kearneysville, W.Va. Trees were vigorous and growth was considered excessive compared with other blocks where nectarine pox was less common. Treatments in 1988 included: 1) root pruning at a distance of 60 cm from the trunk and a depth of 35 cm, 2) paclobutrazol applied as a dilute spray at 600 mg·liter -1 2 weeks after petal fall (WAPF) followed by additional sprays at 300 mg·liter -1 each at 6 and 8 WAPF, 3) girdling each of four scaffolds per tree with a 5-mm "S" cut, 4) summer pruning at three monthly intervals to remove strong upright shoot growth, and 5) an untreated control. Based on growth responses in 1988, treatments were modified in 1989 (using new trees in the same block) and included: 1) root pruning at a distance of 90 cm from the trunk and a depth of 25 cm, 2) root pruning in 1988 only (treatment 1, 1988), 3) paclobutrazol spray at 250 mg·liter -1 beginning 2 WAPF and continuing at 14-day intervals for three additional sprays, 4) girdling each of four scaffolds per tree with a 5-mm "S" cut, and 5) an untreated control. Root pinning was performed on two sides of the trunk, between rows, 2 WAFB (Schupp and Ferree, 1988) . Paclobutrazol was applied by hand gun to wet the foliage to drip. Trees were girdled 8 WAFB using methods described by Lipe (1988) . Summer pruning entailed thinning cuts only made during the first week of May, June, and July. Treatments were applied to eight single-tree replicates in a randomized-block design.
Treatment effects in both years were compared using similar procedures. The incidence of nectarine pox was based on the inspection of 100 fruit per replicate sampled from the second harvest picking. Percentage of red surface (0 = no red; 100 = red over 100% of epidermis) was visually estimated and fruit diameter measured on 20 fruit per replicate (also at second harvest picking).
Ten vertical and five horizontal shoots per replicate, randomly selected from the upper one-third of the canopy, were measured in November following treatment. Change in trunk cross-sectional area (ATCSA) was determined from May 1988 to May 1989 and from May 1989 to May 1990. Leaves and fruit were collected for tissue analysis during the 3rd week of July of 1988 and 1989. Leaf, fruit flesh, and fruit peel nutrient levels were determined by ICP inductively coupled RF type plasma emission spectrophotometry. Data were subjected to analysis of variance for each year, and means were separated by the LSD test. Regression analysis was performed to investigate relationships between plant nutrient levels and the incidence of nectarine pox.
Effects on nectarine pox and tree performance. Field studies for control of nectarine pox have not been conducted previously because the incidence of the disorder varies widely among orchard blocks and growing seasons. During the 2 years of this study, the percentage of fruit (from control trees) exhibiting nectarine pox was 3% to 12%, whereas the incidence in this block was as high as 80% before the studies were initiated. No differences in the incidence of nectarine pox were observed in 1988, but in 1989 both root pruning treatments significantly reduced the incidence of the disorder ( Fig. 1; Table 1 ). The percentage red surface was significantly increased by root pruning in 1988 and by all modifications in 1989. Fruit diameter was reduced by root pruning at 60 cm in 1988; thus, the distance from the trunk was increased to 90 cm in 1989. Diameter of the fruit was unaffected otherwise. Treatments had no effect on TCSA (range 0.7-1.3 cm 2 in 1988; 1.4-2.5 cm 2 in 1989). Root pruning reduced shoot growth in 1988, and root pruning and paclobutrazol suppressed shoot growth in 1989.
Relationship of plant nutrient levels to nectarine pox. Previous indications (Baugher and Miller, 1991) that nectarine pox is influenced by plant nutrient levels are further supported by the results of this study (Table  2 ). Minimal differences in leaf nutrient levels were found, but several differences existed in fruit flesh and peel nutrient levels. Root pruning decreased fruit flesh and/or peel N, P, K, Mg, Mn, Fe, B, and Zn levels but increased fruit Ca relative to the control in 1988 and/or 1989. Effects from the other treatments were most obvious in 1989. Paclobutrazol sprays decreased the levels of P, K, Mg, and B; N was unaffected and Ca and Fe were increased. Girdling of scaffold limbs increased N, P, and Ca and decreased B. With the exception of the decreased B levels, root pruning provided the most desirable effects on nectarine nutrient levels. Leaf nutrient levels were not correlated with the incidence of nectarine pox. However, there were positive correlations between fruit N levels and the incidence of the disorder (Fig.  2) . Goodness-of-fit values were 0.82 and 0.75 for flesh N and peel N, respectively (P = 0.05).
Results of the current study support earlier observations and provide evidence that nectarine pox is likely to occur when trees are vigorous, levels of fruit N and K are high, and fruit Ca is low. How these conditions result in distinct and localized proliferation of the subepidermal fruit tissue is not apparent. Similar symptoms, i.e., superficial and distorted growth, are known to occur in other tree fruits but are associated with viruses (stony pit of pear, peach wart), fungi (plum pockets) or insect injury (peach catfacing, beady wart). There is the possibility that an endogenous hormonal imbalance exists in conjunction with high N-P-K. Because root pruning reduced the incidence of nectarine pox by 60%, we suggest that root-produced hormones (cytokinins) may play a role in the development of nectarine pox. While current economic losses from this disorder are not sufficient to generate extensive studies, our work suggests that additional research directed at the influence of plant nutrients and hormones on the expression of the disorder would be appropriate.
